The influence of live Saccharomyces cerevisiae cells and their metabolites on the number of ciliates and some fibrolytic and amylolytic enzymes, together with the effect on the concentration of volatile fatty acids (VFA), and disappearance of dry matter (DM) and structural carbohydrates in the rumen of three goats was examined. The control diet (1.2 kg DM·d -1 ) was composed of hay (63%), barley meal (31%), and soyabean meal (4%). Two experimental rations consisting of the same components supplemented with either live Saccharomyces cerevisiae (CNCM I-1077) cells or their metabolites (Diamond V XP). The additives were supplied at the rate of 3 and 25 g·d -1 , respectively. The experiment was carried out in a 3 x 3 Latin square design. Enrichment of the control diet with yeast metabolites increased (P<0.05) the total number of protozoa and the number of Diplodinium from 115 to 146×10 4 and from 2.5 to 6×10 4 ·g -1 digesta, respectively. Conversely, the number of representatives of the genus Isotricha decreased over eightfold regardless of the additive used. The activity of carboxymethylocellulase was about 9.4 µM released reducing sugars·g -1 DM·min -1 irrespective of diet, whereas xylan digestion increased from 57.5 to 69.7 and 70.4 µM released reducing sugars·g -1 DM·min -1 when live yeast (P<0.05) or their metabolites (P<0.01) were added, respectively. On the other hand, amylolytic activity decreased from 58 to 50 µM released reducing (P<0.05) sugars·g -1 DM·min -1 when the control diet was supplemented with viable Saccharomyces cerevisiae. Live yeast cells increased the disappearance of neutral detergent fibre (NDF) from 38 to 44.7% after in sacco incubation of hay in the rumen for 16 h (P<0.05). The disappearance of neither DM nor acid detergent fibre was affected by the diet. Yeast metabolites decreased (P<0.01) total volatile fatty acids (VFA), whereas live yeast had no effect. Enrichment of the control diet with 527 KOWALIK B. ET AL.
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INTRODUCTION
Two types of yeast additives are currently in use, i.e. live yeast cells and yeast metabolites. Their beneficial influence has been reported in relation to animal health as well as daily gain and milk production (Mašek et al., 2008) . This effect has been considered a result of some changes in the rumen microbial population and in its digestive and metabolic activity. Live Saccharomyces cerevisiae cells have been used most often in such experiments (Newbold et al., 1995; Doreau and Jouany, 1998; Lila et al., 2004; Kowalik et al., 2008) . Although studies have been numerous, their published results have often been conflicting. For example, live Saccharomyces cerevisiae enhanced or had no effect on total bacteria count and either stimulated or restricted cellulolytic species (Newbold et al., 1995; Callway and Martin, 1997) . Similar disagreements concern total as well as specific ciliate counts (Doreau and Jouany, 1998; Lila et al., 2004; Doležal et al., 2005; Kowalik et al., 2008) and fibrolytic and amylolytic activities. For example, Brossard et al. (2006) did not find any differences between the mentioned activities in sheep fed a control diet or the same diet supplemented with live yeast. Conversely, MichaletDoreau et al. (1997) observed a positive effect of live Saccharomyces cerevisiae cells on fibrolytic activity in the rumen. Similarly, the effect of live yeast cells on carbohydrate fermentation in the rumen is also inconsistent (Galip, 2006; Marden et al., 2008) . In contrast to live cells, the role of yeast metabolites has been very rarely studied (Arakaki et al., 2000; Miller-Webster et al., 2002) .
It is also noteworthy that the published studies have addressed the effects of either only live yeast or only their metabolites. Moreover, additives of different origin and different diets have been used. Comparison of the influence of yeast preparations is thus hardly possible. Unfortunately, comparative studies with the use of the same host animals fed the same diet have been performed only sporadically. The results of such studies were published by Newbold et al. (1998) and Lynch and Martin (2002) . The data from these investigations pertain either to the effect of different preparations of live yeast cells or to the effect of live cells and their metabolites under conditions in vitro.
Thus, the aim of the study was to compare the effect of live Saccharomyces cerevisiae cells and their metabolites on the ciliate count, the activity of 1,4-β-Dand 1,4;1,6-α-D-polysaccharidases, as well as on the concentration of volatile fatty acids and fibre degradability in the rumen of goats.
MATERIAL AND METHODS

Animals and diets
The experiment was carried out on three adult female goats (34 ± 4.4 kg liveweight) fitted with permanent rumen fistulae and kept in separate pens. The animals were fed either a control diet (1.2 kg DM·d , respectively. The composition of the diet is given in Table 1 . The daily ration was offered in two equal portions at 7.00 and 15.00 h. The yeast preparations were given just before the morning feeding. They were administrated directly to the rumen via the fistula. Drinking water was available ad libitum. 
Experiment design and sampling
The experiment was performed in a 3 x 3 Latin square design. Preliminary feeding lasted 3 weeks and was followed by sampling. Fluid and digesta samples were taken from the rumen just before the morning feeding and at 2, 4, 6, 8 and 10 h thereafter. Each sampling was repeated 2 times on 2 consecutive days. To obtain representative material, samples of digesta and fluid were taken from different places in the rumen. Immediately after collection the samples of digesta and fluid were appropriately pooled. The pooled digesta was thoroughly mixed and sampled for determination of ciliate count (5 g) and enzyme activity (20 g). The rumen fluid was sampled for determination of VFA. The rumen fluid and digesta that remained after sampling were returned immediately to the rumen. The samples for enzymatic analysis were frozen and kept at -20ºC, whereas those for protozoa counts were preserved with 4% formalin solution and stored at room temperature. The samples of rumen fluid for VFA analysis were fixed with formic acid according to Ziołecki and Kwiatkowska (1973) and stored at room temperature.
The influence of yeast additives on digestion of structural carbohydrates and dry matter was examined by a nylon bag technique. Three polyester bags (8 x 12 cm) with a pore size of 50 ±10 μm were filled with 3 g of ground meadow hay (particle size about 2 mm) and incubated in the rumen of the goats for 16 h. After removal from the rumen, the bags were rinsed manually in ice-cold water and then in a washing machine (2 x 17 min). The washed bags were dried at 60ºC to constant weight and the residual hay particles were collected and used for quantification of DM, NDF and ADF. Similar determinations were made using control samples consisting of meadow hay treated similarly but not incubated in the rumen.
Enzymes were extracted from the rumen content with CCl 4 (Huhtanen and Khalili, 1992) and the activities carboxymethylocellulase (CMC-ase), xylanase, and amylase were determined according to Michałowski et al. (2003) and Bełżecki et al. (2007) using the dinitrosalicilic acid reagent. The VFA concentration was determined by gas chromatography according to Ziołecki and Kwiatkowska (1973) . Rumen fluid acidity was measured immediately after its collection using a Beckman pH-meter. The protozoa were identified and classified after Dogiel (1927) and counted under a light microscope. Feed analyses were performed according to AOAC (1990) methods.
Mean values and the significance of differences between them were determined using the Statistica 9.0 software package. The data were processed by variance analysis in accordance with a linear model:
where: Y -observation mean; A -animal (n=3), P -period (n=3), T -treatment; e -random error
The significance of differences between means pertaining to dietary treatments was calculated by the Schaffer test. Treatment effects were considered to be significant at P<0.01 and P<0.05.
RESULTS AND DISCUSSION
The concentration of ciliates in the rumen of goats is presented in Table 2 . Their total number and the concentration of protozoa from the genus Diplodinium increased significantly when yeast metabolites were given. Similar effects were also found by Arakaki et al. (2000) . According to the producer, the mentioned preparation contains such components as B vitamins, organic acids, amino acids, peptides, esters as well as mannans and β-glucans. Some of them could perhaps be beneficial to ciliates from the genus Entodinium, which dominated in the rumen, and to representatives of the genus Diplodinium. Moreover, the listed components could also stimulate the growth of rumen bacteria, which are engulfed by ciliates and used as the main source of amino acids and some other nutrients (Wiliams and Coleman, 1992) . On the other hand, our results agree partially with the findings of Newbold et al. (1998) and Galip (2006) , who reported that yeast supplemented to the ration decreased or did not affect the protozoa count. Conversely to the total protozoa count and that of ciliates from the genus Diplodinium, the population density of Isotricha sp. decreased about eightfold when the supplements were added to the control diet (Table 2) . These results thus suggest that the yeast preparation negatively affected the factors required by large holotrichs for growth. Conversely, the addition of yeast did not modify the population density of ciliates from the genus Dasytricha, which is in accordance with the results of Brossard et al. (2006) and Galip (2006) concerning holotrich ciliates. These results suggest that these protozoa were either less sensitive than the representatives of genus Isotricha to the changes in the rumen ecosystem caused by the supplemented additives or that the yeast preparation did not influence the growth conditions required by these microorganisms from the family Isotrichidae (Kowalik et al., 2008) . In contrast to our finding, Arakaki et al. (2000) showed that yeast metabolites increased the population density of Dasytricha in the rumen of steers. The above consideration also seems to be valid for ciliates from the genus Ophryoscolex.
Of the fibrolytic enzymes, only CMC-ase, endocellulase and xylanase were tested (Table 3 ). Both activities increased significantly when the control rations were enriched either with live Saccacharomyces cerevisiae or with its metabolites. These results are in agreement with the findings of Moharrery and Asadi (2009) who reported that the activity of cellulase increased in the rumen of lambs fed a mixture of malate and Saccharomyces cerevisiae yeast. The higher activity of xylanase in animals fed live yeast agrees with results published by Michalet- Doreau et al. (1997) . It can not be precluded that the increase in fibrolytic activity could result from the increase in the number of cellulolytic ciliates from the genus Diplodinium, for example, Eudiplodinium maggii, Diploplastron affine and Anoplodinium denticulatum, which were present in the rumen of goats and which exhibit high cellulolytic and xylanolytic activity (Michałowski et al., 2003; Stan et al., 2006) . In the present study it was found that the amylolytic activity in the rumen decreased significantly when the control diet fed to the goats was replaced by the ration supplemented with live yeast (Table 3 ). This drop presumably reflected the changes in microbial population. The data presented in Table  2 show that the live yeast negatively influenced the number of Isotricha and positively that of Diplodinium. The protozoa from both groups exhibit amylolytic properties (Williams,1986; Williams and Coleman, 1992) but their effect on amylase activity in the rumen was not examined. Such activity depends rather on the number and activity of amylolytic bacteria, but these were not monitored in this study. In contrast to our result, Moharrery and Asadi (2009) found a positive effect of yeast on the activity of amylolytic enzymes in the rumen of lambs. In contrast, Brossard et al. (2006) and Kowalik et al. (2008) did not observe any effect of yeast on the mentioned activity. Further studies are thus necessary.
The effect of the addition of a yeast preparation to the control diet on dry matter and structural carbohydrate digestion is presented in Table 4 . Live Saccharomyces cerevisiae increased the disappearance of NDF by about 7% (P<0.05). An improvement in NDF disappearance as a result of supplementation of yeast to the ration has been reported previously in experiments performed in vivo and in vitro (Plata et al., 1994; El-Waziry and Ibrahim, 2007) . Increased NDF digestion may be attributed to the enhancement of the numbers of viable and cellulolytic bacteria (Lila et al., 2004) . Newbold et al. (1996) suggested that the ability of different strains of Saccharomyces cerevisiae to stimulate the number of viable bacteria in the rumen appears to be related to their ability to remove oxygen from rumen fluid. On the other hand, Plata et al. (1994) claimed that the improvement of NDF digestion in the rumen of steers may partially be explained by the increase in the density of the protozoa population. In our experiment, the total number of protozoa did not change after enrichment of the control diet with live yeast, but a numerical increase in the population density of ciliates from the genus Diplodinium was observed (Table 2) . It is well known that some species from this group are characterized by high cellulolytic and, especially, xylanolytic activity (Michałowski et al., 2003; Stan et al., 2006) . Our results thus support the suggestion of the authors cited above but contradict the results of Arcos-García et al. (2000) who did not observe increased digestibility of cell wall carbohydrates in the rumen when fungal preparations were added to the ration. Supplementation of live Saccharomyces cerevisiae to the ration did not increase the degradability of DM (P>0.12) or ADF (P>0.35) ( Table 4) . Doreau and Jouany (1998) did, however, observe increased disappearance of only ADF, but not DM and NDF, from maize stalk incubated in sacco for 6 h in the rumen of dairy cows fed a diet supplemented with live Saccharomyces cerevisiae. The cited authors suggest that the concentration of live organisms increased during the first hour after feeding and that this was followed by an increase in the degradation of dietary structural carbohydrates. The studies concerning the role of live Saccharomyces cerevisiae in the digestion of plant cell wall polysaccharides will thus be continued.
The results of pH measurements in the rumen fluid of goats are given in Table 5 . Inclusion of yeast metabolites to the diet resulted in a significant increase of ruminal pH compared with both of the other treatments, i.e. control animals and goats fed the ration supplemented with live yeast. According to Mutsvangwa et al. (1992) , the rise in pH may reflect the carbohydrate fermentation/ volatile fatty acid absorption ratio as well as the buffering capacity of rumen fluid. On the other hand, Miller-Webster et al. (2002) supposed that the ruminal pH may depend on the kind of fungal population. They showed that the addition of a yeast Diamond-V XP preparation to the ration significantly lowered ruminal pH in comparison with the effect of A-Max yeast. The relevant pH values presented there were 6.2 and 6.4, respectively. The rise in ruminal pH could also follow a drop in lactic acid concentration. Such changes could be the result of the enhancement in the activity and/or number of lactate fermenting bacteria such as Megasphaera elsdenii and Selenomonas ruminantium. On the other hand, Sullivan and Martin (1999) did not find significant changes in the acidity of rumen fluid after addition of yeast metabolites to the ration. Moreover, Lynch and Martin (2002) reported that the pH decreased when ruminal microorganisms were incubated in vitro in the presence of lucerne or Bermuda grass supplemented with yeast metabolites. In turn, Křížovă et al. (2011) observed a rise in pH from 6.16 to 6.26 (P<0.001) in the rumen of cows after supplementation of the control diet with live yeast.
The data on volatile fatty acids are presented in Table 5 . Surprisingly, the concentration of total VFA was very low and did not exceed 43.4 mmol·l -1 . This is in the range reported recently by Křížovă et al. (2011) in cows fed a maize silage-concentrate diet supplemented with live yeast cultures. Unfortunately, those authors did not explain their findings. Further studies therefore seem to be necessary to identify the causes of the obtained results. The VFA concentration was significantly higher in goats fed the control diet or ration supplemented with live yeast than in animals receiving the ration enriched with yeast metabolites. Doležal et al. (2005) and Marden et al. (2008) reported that live Saccharomyces cerevisiae increased total VFA in the rumen of cows. In contrast to the cited authors, Brossard et al. (2006) and Galip (2006) showed that live yeast cells did not modify total VFA, but according to Doreau and Jouany (1998) , the effect of live yeast on total VFA in rumen of dairy cows was transient.
The molar proportion of acetate and butyrate in ruminal VFA was increased and propionate was decreased when both fungal additives were added to the control diet. Furthermore, the acetate-to-propionate ratio was lower in control animals compared with the goats fed the diet containing a yeast preparation. Newbold et al. (1995) have reported that live yeast added to the diet fed to sheep decreased propionate concentrations. On the other hand, Arcos-García et al. (2000) and Galip (2006) did not observe any significant changes in the propionate concentrations in cows fed control and experimental rations. The increase in acetate concentration in the rumen of goats receiving a diet supplemented with live yeast might result from the increase in the number of cellulolytic bacteria, as the enhanced acetate level was associated with a higher activity of fibrolytic enzymes and with increased disappearance of NDF from hay incubated in sacco in the rumen. Our results are also in agreement with other studies focused on the effect of live yeast on the concentration of acetate in the rumen (Marden et al., 2008; Křížovă et al., 2011) . In contrast, Brossard et al. (2006) did not observe an increase in the ruminal acetate concentration in sheep. In the present study, the greater molar proportion of butyrate and acetate in goats fed a diet supplemented with a fungal preparation was associated with an increase in the number of protozoa. According to Michałowski (1987) , ciliates produce mainly acetic and butyric acids. The authors found that acetate and butyrate contributed to 52.9 and 41.3% of the total VFA produced by ciliates in the rumen of sheep, respectively. A positive correlation was also found there between the production of VFA by protozoa and the total biomass of ciliates as well as the biomass of medium-and large-sized ciliates. Thus, the changes in ciliate counts and, especially, that of Diplodinium should not be ignored in the consideration of changes in the molar proportion of volatile fatty acids that are presented in Table 5 .
CONCLUSIONS
A yeast preparation added to the diet of goats can differently modify the protozoal fauna and metabolism in the rumen. Our data showed that live Saccharomyces cerevisiae cells positively influenced endocellulase and xylanase activities, as well as the disappearance of cell wall carbohydrates and molar proportion of acetate and butyrate and negatively that of propionate. Supplementing the diet with yeast metabolites increased the total number protozoa and the number of ciliates from the genus Diplodinium, as well as fibrolytic enzyme activities and rumen fluid acidity.
